Sound waves research in Indonesia has been carried on the tea crop, peanuts, soybeans and potatoes. The result showed that there was an increase in the effectiveness of nutrient uptake and significant growth rate. This research used manipulated frequency of insect sounds, called "Garengpung", is known as Audio Bioharmony (ABH). However, application of this technology has not been done in rubber, therefore the aim of the study was to find out effect of ABH toward rubber nursery and to find optimum frequency for rubber nursery. The experiment was arranged in completely randomized design, with a frequency of 0 Hz, 3000 Hz, 3500Hz, 4000 Hz, 4500 Hz and 5000 Hz. The second factor was levels of fertilizer 50%, 75% and 100%. The results showed that the application of sound wave significantly influence growth rate of rubber in the nursery, while the level of fertilizer application had no significant effect. There was no significant interaction between sound wave frequency and fertilizer levels. The best plant height growth rate observed in treatment with 3500 Hz and 75% fertilizer level. The largest stem diameter growth rate was observed in treatment with 4000 Hz and 50% fertilizer level. Based on the regression curves the best frequency to obtain optimal growth of stem diameter was 4271.9 Hz.
INtROdUCtION
Rubber (Hevea brasiliensis) planting material production includes seed germination, seedling maintenance and bud grafting, and all these activities require 18 -24 months to produce planting materials (Hadi et al., 2013) . Vegetative propagation of rubber seedlings are by grafting, where buds (scion) were attached at the rootstock plants. This technique is still the only method of rubber propagation. Grafting was first introduced by van Helten, Bodde and Bags in 1918, and it is still being used because non-conventional technology of planting material production is still has not given the expected results (Djikman, 1951; Hadi et al., 2013) . The length of time of this preparation, triggered many research on accelerating the preparation of rubber planting material.
The sound wave technology for plant growth has already begun to be developed in the world. Some studies had shown that the use of this technology could increase plant growth, increase production, improve crop quality, increase plant resistance to disease, and reduce the use of chemical fertilizers (Gutierez et al., 2010; Widyawati et al., 2011; Meng et al., 2012; Zhang and Sanling, 2012 ). This technology is also applied to the different physiological stage of the plant, such as growth of callus, seed germination, and immature plant (Gagliano et al., 2012; Meng et al., 2012; Wei et al., 2012) . Sound waves research in Indonesia had been carried on tea crop, peanuts, soybeans, rice and potato (Ratna, 2002; Kadarisman, et al., 2011; Widyawati et al., 2011; Yulianto, 2011) . The result showed that there was an increase in the effectiveness of nutrient uptake and significant improvement growth rate. Sound waves technology which are applied to plants can stimulate the stomata to remain open. This technology was also as one way to increase the rate of photosynthesis and in order to increase the production (Widyawati et al., 2011) .
Application of these technologies have not been done in rubber. This technology is expected to accelerate the readiness of rootstock for grafting, thus shorthening the duration of the preparation of rubber seeds can be achieved. Therefore, the objective of this study is to determine the effect of sound wave application to rubber rootstock growth and to find out the suitable frequency of sound wave application to the rubber nursery.
MAtERIAls ANd MEthOds
This research had been carried out in July to December 2013 at Getas Rubber Research, Indonesia. Planting material used was 1-month-old rubber rootstock in polybag, with soil as a planting medium and fertilizers used were Urea, SP36 and KCl. This research used an insect sounds, Dundubia manifera, we called this "Audio BioHarmony or ABH". This insects sound wave frequency was manipulated to 3000 Hz, 3500 Hz, 4000 Hz, 4500 Hz and 5000 Hz, then they were recorded and stored in the flash drive. Another equipment were mono speakers with 3-way speaker sound; paranet 70%; transparent plastic with 1 meter width; ruler and caliper.
Rubber plants in polybag were arranged as shown in Figure 1 . The plant was shaded by paranet 70%. The treatment area was covered with transparent plastic so that the plants were isolated from other sound sources. Plants were fertilized a week before the treatment and the subsequent fertilization was performed once a month. Table 1 shows 100% fertilizer dosage on rubber nursery in polybag. Watering was done every day, and regularly inspected for plant pests and diseases. Sound wave treatment was done by turning on a mono speaker for 1 hour every day from 08.00 till 09.00 pm. The research layout is presented in Figure 1 .
This treatment used 6 X 3 factorial experiment arranged in a completely randomized block design with 5 replications. The first factor were the frequencies of ABH sound wave. They were 0 Hz, 3000 Hz, 3500 Hz, 4000 Hz, 4500 Hz, 5000 Hz. The second factor were levels of fertilizer dosage, they were 100%, 75% and 50%. Table 1 shows 100% fertilizer on rubber nursery in polybag.
The measured variables were plant height, stem diameter and leaf nutrient status. Observation of plant height and stem diameter was done once a week, for 10 weeks. After the observational data summarized, and then calculated the growth of plant height by calculating the difference between the final plant height with initial plant height, stem diameter growth was also measured by calculating the difference between the final the stem diameter of the bud with the initial stem diameter. At the end of the observation, leaf nutrient status were analyzed for elements of N, P, K, Ca, and Mg. The difference in plant height and stem diameter were analyzed using analysis of variance with a level of confidence 95%. Mean was analyzed with Least Significant Difference (LSD) test. The analysis model was: : was the influence of the i sound wave frequencies; â j : was the influence of the j level of fertilizers; ñ k : was the influence of k the groups; (Áâ) ij : was the interaction between the i sound wave frequencies and the j to the level of fertilizers; å ijk : was random error effect of sound wave frequencies and the level of fertilizers.
REsUlts treatment effects on height growth.
Rubber plant height growth rate on treatment of ABH frequencies and dosage of fertilizers are presented in Table 2 . Results analysis showed that the application of sound wave had a significant effect on plant height growth, while fertilizer dosage level had not a significant effect on (Table 2 ). Plant height growth at the level of fertilizers 100%, 75% and 50% on 3500 Hz was not significantly different.
The relationship between ABH frequencies and plant height growth is presented in Figure 2 . The value of the determination coefficient is 0.686, and the curve equation is (Y = -2.10 -6 X 2 + 0.013 +1.319) (Figure 2) . X values that represent the best frequency is 3481.7 Hz, so this can be recommended for height growth of rubber nursery.
treatment effect of stem diameter growth
Stem diameter growth rate is affected by ABH frequency and dosage of fertilizers (Table 3) . 1  2  2  1  2  2  2  1  3  3  2  2  4  3  3  2  5  5  3  3  6  5  4  3  Total  20  16  12 The results showed that the application of sound wave had a significant effect on rubber stem diameter growth, while fertilizer dosage level had no significant effect on these variables. Both factors did not showed interaction with in each other. The best diameter growth was performed at 4000 Hz and 50% level of fertilizer (Table 3) . Stem diameter growth at the level of fertilizers 100%, 75% and 50% on 3500 Hz were not significantly different.
The relationship between ABH frequency and stem diameter growth is showed in Figure 3 . The coefficient of determination value is 0.827, while the equation is Y = -6 .10 -8 X 2 + 5.10 -4 X -0.801. X value that represent the best frequency, so that this frequency can be recommended for rubber stem diameter growth. 
treatment effect on leaf nutrient levels
At the end of the observation, leaf nutrient levels were analyzed. Observed elements in this study were N, P, K, Ca and Mg.
Based on the analysis of leaves, plant nutrient status varies widely (table 4). The combination of ABH frequency and level of fertilization each gave different results. The content of Nitrogen (N) in the whole plant were in normal to high range. Nutrient content of Phosphorous and Potash in the majority of plants was low indicated by "-" . Nutrient content of Ca and Mg in the whole plants were high.
dIsCUssION
Several studies had found that incorrect frequency range of sound wave can actually inhibit plant growth. So the first stage of this research objective was to determine the proper frequency of sound wave (ABH) on rubber plant. Desirable treatment results on the rubber nursery are healthy rootstock, big stem, fast growing and it can be bud grafted earlier. Rubber stems with a larger diameter could increase grafting success than smaller stem.
The application of sound wave significantly influence growth rate of rubber plants. According to Carlson (2008) , the frequency of the sound wave affected stomatal cavity, thereby increasing water absorption. Stomata have a major role in transpiration. Arve et al. (2011) stated that transpiration rate is directly proportional to the opening of stomata and the number of stomata. The role of transpiration is helping the process of photosynthesis and gas exchange; It plays an important role in rubber plants water cycle; It also helps maintain the balance of carbon dioxide (CO 2 ) and oxygen (O 2 ) in the rubber plant. When stomata were remain open because of certain frequency sound wave stimulation, then the water vapor and oxygen will exchange through the stomata. Thus stimulating the roots for absorbing water from the soil to balance water content in rubber plant. At same the time, during transpiration, it also occurred gas exchange, carbon dioxide gas will enter through the stomata. When all the substances were complete, the process of photosynthesis will occurred.
Some theories concluded that sound wave could affect plant growth in several opinions. The first opinion mentioned that a certain frequency sound wave can activate certain genes in the cell (genes that affect cell growth) ( Based on this research, the frequency of the sound waves technology suggested in rubber nursery was 4271,9 Hz that could stimulate greater stem diameter. Fertilizer levels in this study did not significantly affect the stem diameter. More efficient fertilizer application could be recommended to minimize the cost of rubber nursery. This study was a preliminary research of sound wave application technology in rubber plants. It is expected to not only useful in the rubber nursery, but also useful in other aspects of the rubber plant. 
